Background {#Sec1}
==========

Schizophrenia is a disease associated with high disability and high mortality \[[@CR1]--[@CR3]\]. Existing studies have shown that the life expectancy in patients with schizophrenia is 10 to 20 years shorter than that in people without schizophrenia \[[@CR4]\]. One of the leading causes of premature death in patients with schizophrenia is cardiovascular disease \[[@CR5]--[@CR7]\]. Among the risk factors for cardiovascular disease, obesity is prominent and very common \[[@CR8], [@CR9]\].

Researchers have recently divided obesity into two phenotypes: metabolically abnormal obese (MAO) and metabolically healthy but obese (MHO) \[[@CR10]--[@CR13]\]. In recent years, studies have found that MAO people have the highest risk of cardiovascular disease and the worst cardiovascular prognosis, followed by MHO people; metabolically healthy normal-weight (MHWN) individuals have the lowest risk and the best cardiovascular prognosis \[[@CR14]--[@CR16]\].

Patients with schizophrenia have a high incidence of metabolic side effects and obesity due to the use of second-generation antipsychotics, such as clozapine, olanzapine, and quetiapine \[[@CR17]--[@CR19]\]. Additionally, because of the specific lifestyle characteristics of people with schizophrenia, such as poor diet \[[@CR20]\], sedentary lifestyle \[[@CR21]\] and lack of exercise \[[@CR22]\], the incidence of obesity is increased in this population. Therefore, it is necessary to closely attend to the specific group\--schizophrenia patients with MAO phenotype.

However, there is no report on the prevalence of the MAO phenotype in people with schizophrenia. Additionally, it is not clear whether the prevalence of the MAO phenotype is higher in schizophrenia patients than in the general population. In addition, while studies have identified poor cardiovascular outcomes in MAO individuals, the current mental state of MAO individuals with schizophrenia has not been reported; is it also poor? This is also the purpose of our research. Therefore, our study mainly explored the prevalence of MAO in patients with schizophrenia and compared it with that of the control group. Furthermore, it was deemed important to explore the current mental symptoms of MAO individuals with schizophrenia.

Methods {#Sec2}
=======

Subjects {#Sec3}
--------

All patients with schizophrenia were recruited from the inpatient wards of three hospitals in Anhui Province in China between May to December 2018. On the basis of the inclusion criteria and exclusion criteria, 443 inpatients were consecutively enrolled in the study. A total of 333 inpatients completed the study. Of the 110 patients who did not complete the study, 9 were unwilling to provide blood samples, 72 were unable to cooperate with the interview, 13 refused to participate, 9 were discharged, and 7 were unknown. The data of an additional 4 patients were incomplete and were excluded. Therefore, 329 patients with schizophrenia were ultimately included in this study. All schizophrenia patients were diagnosed by clinicians using the International Classification of Diseases-10th edition (ICD-10). The age range of the patients was 18--75 years and the illness duration was more than 5 years (all were chronic patients \[[@CR23]\]). After understanding the purpose and method of the study, 175 sex- and age-matched volunteer were recruited as the control group for this study at the health check-up centre in hospital which is an integrated place to provide health examination and assess the health status for residents. The control group has no history of schizophrenia in the past, and in this study, the control group was not found to have mental abnormalities by psychiatrists. The control groups were aged 18 to 75 years old. The schizophrenia patients and the control participants were excluded when the following conditions were present: severe neurological disease; intellectual disability; substance dependence excluding alcohol and tobacco; and pregnancy or lactation. All subjects volunteered to participate in the study; they or their guardians signed an informed consent form.

Definition of the MAO phenotype {#Sec4}
-------------------------------

Currently, in international studies, MAO is defined in individuals who meet two requirements: metabolic abnormality and obesity \[[@CR8]\]. There are two methods for defining metabolic abnormalities: the diagnostic criteria for metabolic syndrome (MS) and insulin resistance/sensitivity cut-off points \[[@CR8]\]. To unify the research and facilitate comparisons, the Circulation Research Compendium on Obesity, Diabetes and Cardiovascular Disease recommends using the MS definition for metabolic abnormalities \[[@CR8]\]. Regarding the criteria for obesity, we adopted the recommendation of WHO experts for Asian populations \[[@CR24]\], that is, body mass index (BMI) ≥ 28 kg/m^2^ was classified as obesity \[[@CR25]\].

In summary, the inclusion criteria for subjects with the MAO phenotype were as follows: (1) meeting 1--4 diagnostic criteria for MS (excluding waist circumference) and (2) BMI ≥ 28 kg/m^2^. The unified criteria for MS in 2009 \[[@CR26]\] were as follows: (1) triglyceride level ≥ 1.69 mmol/L or hypolipidemic drug use; (2) high-density lipoprotein cholesterol (HDL-C) \< 1.04 mmol/L for the male sex, HDL-C \< 1.29 mmol/L for the female sex, or therapeutic drug use; (3) systolic blood pressure (SBP) ≥ 130 mmHg and/or diastolic blood pressure (DBP) ≥ 85 mmHg or antihypertensive drug use; and (4) fasting blood glucose ≥5.6 mmol/l or hypoglycaemic drug use. In addition, we selected MHNW patients as the control group according to the following criteria: 0 MS criteria and 18.5 ≤ BMI \< 24 kg/m^2^.

Sociological and clinical characteristics {#Sec5}
-----------------------------------------

Data on sex, age, marital status, education level, current smoking status and food intake were collected for all subjects. Current smoking behaviour was defined as smoking more than 1 cigarette per day more than 5 days per week in the last 2 weeks. Since the main food source for the people of Anhui Province in China is rice, we have only roughly estimated the consumption of rice. According to the Chinese version of the Food Frequency Questionnaire, the Chinese standard small bowl of rice was 100 g \[[@CR27]\] . Based on the subjects' recollection of their daily eating habits, we classified a usual food intake of less than 100 g of rice per meal as grade I, and more than or equal to 100 g of rice per meal as grade II. Height and weight were measured after the subjects took off their shoes and while they were wearing light clothes. The calculation of BMI was calculated using weight (kg) / height (m)^2^ \[[@CR28]\]. We collected the schizophrenia patients' disease information, including the age at onset, the total course of the disease, the history of accompanying chronic somatic diseases such as hypertension or diabetes, and the types and dose of antipsychotic medications currently in use. All currently used drug doses were converted to chlorpromazine equivalents \[[@CR29]\].

Biochemical detection {#Sec6}
---------------------

Fasting blood samples were taken between 6 and 8 am and were sent to the clinical laboratory for examination. Fasting blood glucose was measured by the oxidase method (Meikang Biotechnology Co., Ltd., Zhejiang, China). Triglyceride was measured by the GPO-PAP method (Beijing Lidan Biochemical Co., Ltd., Beijing, China). Cholesterol was measured by the CHOD-POD method (Beijing Lidan Biochemical Co., Ltd., Beijing, China). HDL-C and LDL-C were measured by the terminal method (Neusoft Whitman Biotechnology (Nanjing) Co., Ltd., Jiangsu, China). Fasting plasma insulin and plasma C-peptide levels were both measured by electrochemiluminescence (Roche Diagnostics GmbH, Mannheim, Germany). Glucagon was tested by radioimmunoassay (Beijing North Biotechnology Research Institute Co.,Ltd., Beijing, China). Insulin resistance (IR) refers to low insulin sensitivity and abnormal glucose metabolism. IR was quantitatively calculated by homeostasis model assessment (HOMA), and the formula was HOMA-IR = (fasting blood glucose \* fasting plasma insulin) / 22.5 \[[@CR30]\]. We defined HOMA-IR values greater than 2.5 as insulin resistance \[[@CR31]\].

Scale evaluation {#Sec7}
----------------

We used the 30-item Positive and Negative Syndrome Scale (PANSS) to evaluate the severity of psychiatric symptoms in patients with schizophrenia \[[@CR32]\]. Four trained interviewers administered the PANSS, and the internal consistency coefficient was greater than 0.8. Each item of the PANSS was scored from 1(asymptomatic) to 7 (extremely symptomatic), and the higher the total scores were, the more serious the mental symptoms. We used the five-factor model of the PANSS to evaluate the mental symptoms from multiple dimensions. The five-factor model \[[@CR33]\] includes the following: (1) positive factor (P1, P3, P5, G9), (2) negative factor (N1, N2, N3, N4, N6, G7), (3) cognition factor (P2, N5, G11), (4) excited factor (P4, P7, G8, G14), and (5) depressed factor (G2, G3, G6). The six items comprising the PANSS negative factor are blunted affect, emotional withdrawal, poor rapport, passive/apathetic social withdrawal, lack of spontaneity, and motor retardation.

Data analysis {#Sec8}
-------------

First, we compared the characteristics between the patients with schizophrenia and the control group. For continuous variables, the independent samples t-test and Mann-Whitney U test were used as appropriate. For categorical variables, the Chi-square test was used. Second, only in patients with schizophrenia, the clinical characteristics of the MAO and MHNW groups of patients were compared. An independent samples t-test, Mann-Whitney U test and Chi-square test were also used as appropriate. Third, to control for all possible confounding factors and further compare the psychiatric symptoms in the MAO and MHNW groups, we performed a binary logistic regression with the "Enter" method. The groups (MAO and MHNW) were the dependent variables (MHNW group as the reference group), and the other variables, including sociodemographic and clinical data, the types and dose of antipsychotics, and PANSS factor scores, were simultaneously included as covariates. Forth, in patients with schizophrenia, the Spearman correlation (most variables not normally distributed) was used to explore the correlation between MS components and diabetes related variables (fasting blood glucose, insulin, C-peptide, glucagon, HOMA-IR). All statistical analyses were performed with SPSS 23.0, and a two-tailed *P* value \< 0.05 indicated significance.

Results {#Sec9}
=======

Comparison between the patients with schizophrenia and the controls {#Sec10}
-------------------------------------------------------------------

A total of 329 patients with chronic schizophrenia and 175 sex- and age-matched people without schizophrenia were recruited for this study. The frequencies of MAO and MHNW phenotypes in patients with schizophrenia were 15.8 and 9.4%, respectively, and the corresponding values for the control subjects were 9.1 and 14.9%, respectively. The MAO phenotype of patients with schizophrenia was significantly higher than that of the control group (*p* = 0.037). In addition, among the obese subjects, the proportions of the MAO phenotype were 96.3 and 84.2% in the patients and the control groups, respectively.

The demographic characteristics and clinical data of patients and controls were shown in Table [1](#Tab1){ref-type="table"}. The marriage prevalence, food intake, education level and HDL-C level were lower in the patients than in the control group. The BMI, triglyceride level, LDL-C level, and plasma C-peptide level were higher in the schizophrenia group than in the control group. Table 1The characteristics and clinical data of patients with schizophrenia and the control participantsSchizophrenia patientsControl participants*N* = 329*N* = 175*N%N%χ*^*2*^*P*Female13440.78146.31.440.230Married9530.113982.7126.05\< 0.001Current smokers9729.74425.13.900.272Insulin resistance10331.94324.72.810.094MAO phenotype5215.8169.14.350.037MHNW phenotype319.42614.93.360.067Food intake I9830.32414.614.29\< 0.001 II22569.714085.4*MeanSDMeanSDZ/tP*Age (years)45.2311.7246.0813.33−0.820.410Education (years)8.113.639.463.79−3.69\< 0.001BMI (kg/m^2^)24.123.8423.453.161.960.049Glucose (mmol/l)5.361.365.331.08−0.370.711Cholesterol (mmol/l)4.761.414.580.89−0.890.373Triglycerides (mmol/l)2.241.511.631.06−6.08\< 0.001HDL \_C (mmol/l)1.050.271.160.27−4.75\< 0.001LDL_C (mmol/l)2.400.632.230.532.970.003C-peptide (ng/ml)2.751.142.541.32−2.790.005Insulin (mU/L)9.488.088.698.29−1.810.070HOMA-IR2.372.972.203.00−1.570.116*MAO phenotype* Metabolically abnormal obese phenotype, *MHNW phenotype* Metabolically healthy normal-weight phenotype, *BMI* Body mass index, *HDL_C* High-density lipoprotein cholesterol, *LDL_C* Low-density lipoprotein cholesterol, *insulin resistance* HOMA-IR ≥ 2.5, *HOMA-IR* Homeostasis model assessment of insulin resistance

Comparison between the MAO and MHNW groups of patients with schizophrenia {#Sec11}
-------------------------------------------------------------------------

As shown in Table [2](#Tab2){ref-type="table"}, we classified 52 patients into the MAO group and 31 patients into the MHNW group. The MAO group had more females, higher education levels and lower chlorpromazine equivalents than the MHNW group. The MAO group had worse metabolic status than the MHNW group, as indicated by higher C-peptide levels, insulin levels, glucagon levels, HOMA-IR index values, and insulin resistance rates. Regarding psychiatric symptoms, the patients in the MAO group had lower negative factor, cognitive factor and PANSS total scores than those in the MHNW group. Table 2Comparison between the MAO group and the MHNW group for patients with schizophreniaTotal (*n* = 83)MAO (*n* = 52)MHNW (*n* = 31)*N%N%N%χ*^*2*^*P*Female3441.02853.8619.49.550.002Married2125.31528.8619.42.360.500Current smokers2428.91325.01135.52.060.356Insulin resistance3240.02956.9310.316.67\< 0.001Food intake I2429.61326.01135.50.8250.364 II5770.43774.02064.5Antipsychotics Clozapine3643.42446.21238.70.4380.508 Olanzapine1619.31019.2619.40.010.989 Risperidone2833.71630.81238.70.550.459 Aripiprazole1518.1815.4722.60.680.410*MeanSDMeanSDMeanSDZ/tP*Age (years)43.3612.4443.4012.4043.2912.730.040.968Education (years)7.634.018.424.046.293.65−2.800.005Age of onset (years)26.338.1226.799.7325.558.310.6710.504Duration of illness (years)16.9410.1816.429.7317.8110.99−0.390.695hospitalization days109.47103.18120.62125.0292.7354.50−0.7310.465Chlorpromazine equivalents (mg/day)457.38277.47404.47241.49546.13313.54−2.310.024BMI (kg/m^2^)26.864.7230.211.7421.231.8222.35\< 0.001Glucose (mmol/l)5.331.355.571.634.930.44−1.780.075Cholesterol (mmol/l)4.811.175.111.244.320.863.120.003Triglycerides (mmol/l)2.371.773.131.871.130.35−7.18\< 0.001HDL \_C (mmol/l)1.070.250.950.191.280.19−7.59\< 0.001LDL_C (mmol/l)2.450.582.560.552.280.602.130.036Glucagon (pg/ml)28.2920.2634.7520.8617.4613.734.11\< 0.001C-peptide (ng/ml)3.091.373.661.362.080.605.95\< 0.001Insulin (mU/L)12.1612.5515.7414.335.743.07−5.68\< 0.001HOMA-IR3.245.204.366.241.260.70−5.73\< 0.001PANSS Positive factor9.954.589.964.549.944.710.0250.980 Negative factor18.397.4215.946.8922.486.49−4.28\< 0.001 Cognitive factor8.982.968.443.229.872.25−2.170.033 Depressive factor6.882.877.003.026.682.650.490.624 Excited factor7.713.597.673.787.773.30−0.130.899 PANSS total78.6523.8474.5025.4685.6119.30−2.100.039*MAO* Metabolically abnormal obese, *MHNW* Metabolically healthy normal-weight, *BMI* Body mass index, *HDL_C* High-density lipoprotein cholesterol, *LDL_C* Low-density lipoprotein cholesterol, *insulin resistance* HOMA-IR ≥ 2.5, *HOMA-IR* Homeostasis model assessment of insulin resistance, *PANSS* Positive and negative syndrome scale

To eliminate possible confounding factors and compare psychiatric symptoms, we performed binary logistic regression analyses with the "Enter" method. The covariables included sex, age, education level, age of onset, duration of disease, hospitalization days, food intake, marital status, smoking status, types of antipsychotic medicines, chlorpromazine equivalents, and the PANSS factor scores. The significant difference in negative factor between the two groups persisted (*p* = 0.003, OR = 1.29, 95% CI = 1.09--1.52), but the difference in cognitive factor (*p* = 0.112, OR = 1.24, 95% CI = 0.95--1.62) and PANSS total scores (*p* = 0.066, OR = 1.03, 95% CI = 0.99--1.06) disappeared.

Correlation between MS components and diabetes related variables in patients with schizophrenia {#Sec12}
-----------------------------------------------------------------------------------------------

As shown in Table [3](#Tab3){ref-type="table"}, the Spearman correlation showed that diabetes related variables were associated with almost all metabolic indicators. Insulin, C-peptide and HOAM-IR were positively correlated with BMI, glucose, cholesterol, triglyceride, LDL-C, SBP and DBP, and negatively correlated with HDL-C. Blood glucose was positively correlated with BMI, cholesterol, triglyceride and LDL-C. Glucagon was positively correlated with BMI, triglyceride and DBP, and negatively correlated with HDL-C. Table 3The correlation between the MS components and diabetes related indicators in patients with schizophrenia (*N* = 329)GlucoseInsulinC-peptideGlucagonHOMA-IRBMI0.121^\*^0.477^\*\*\*^0.482^\*\*\*^0.295^\*\*\*^0.475^\*\*\*^Glucose--0.159^\*\*^0.131^\*^0.0470.412^\*\*\*^Cholesterol0.120^\*^0.183^\*\*\*^0.150^\*\*^0.0730.206^\*\*\*^Triglycerides0.169^\*\*^0.395^\*\*\*^0.360^\*\*\*^0.248^\*\*\*^0.403^\*\*\*^HDL \_C−0.095−0.162^\*\*^−0.221^\*\*\*^− 0.190^\*\*\*^−0.174^\*\*^LDL_C0.160^\*\*^0.171^\*\*^0.136^\*^0.0810.208^\*\*\*^SBP0.0240.143^\*\*^0.163^\*\*^0.1010.151^\*\*^DBP−0.0110.176^\*\*\*^0.225^\*\*\*^0.172^\*\*^0.179^\*\*\*^Spearman correlation was used for statistical analysis. The data in the table was correlation coefficients and the asterisk indexed significant. *BMI* Body mass index, *HDL_C* High-density lipoprotein cholesterol, *LDL_C* Low-density lipoprotein cholesterol, *SBP* Systolic blood pressure, *DBP* Diastolic blood pressure, *HOMA-IR* Homeostasis model assessment of insulin resistance^\*^*P* \< 0.05^\*\*^*P* \< 0.01^\*\*\*^*P* \< 0.001

Discussion {#Sec13}
==========

In this study, we found that the prevalence of the MAO phenotype in patients with chronic schizophrenia and individuals without schizophrenia were 15.8 and 9.1% respectively. To the best of our knowledge, this is the first report of the prevalence of the MAO phenotype in people with schizophrenia. Most previous studies have reported in the general population. In a study in Ireland, based on three different definitions of metabolic abnormalities (NCPE/ATP III MS criteria, HOMA-IR criteria, and Wildman criteria), the rate of the MAO phenotype in the general population was 19.8--23.8% (BMI ≥ 30 kg/m^2^) \[[@CR34]\]. A survey in Fujian Province in China reported that the prevalence of MAO in the general population was 34.6% (BMI ≥ 24 kg/m^2^, metabolic abnormalities ≥1 NCPE/ATP III MS criterion or HOMA-IR \> 2.69) \[[@CR35]\]. The differences in these studies are mainly due to different diagnostic criteria, race, population etc.

The prevalence of the MAO phenotype in patients with schizophrenia was higher than in the general population, which was also the first report of this finding. The use of second generation antipsychotics resulted in adverse reaction, mainly including metabolic abnormalities and obesity. Antipsychotics can act on adipose tissue, destroy adipose tissue cells, and create intracellular imbalance, resulting in metabolic disorders in the body and causing IR \[[@CR17]\]. Existing studies have also found that antipsychotic drug receptors such as H1 \[[@CR36]\], 5-HT 2A, 5-HT 2C, D2 \[[@CR37]\], D3, and M3 \[[@CR38]\] are associated with energy metabolism, feeding and weight and contribute to weight gain and obesity \[[@CR39]\]. In addition, less exercise \[[@CR22]\] and poor diet \[[@CR20]\] in patients with schizophrenia can also lead to weight gain.

We found that most diabetes-related variables (for example HOMA-IR) were positively correlated with MS components except HDL_C, and negatively correlated with HDL_C. This suggested that worse metabolic levels were closely related to higher risk of diabetes. The result was similar to some previous studies \[[@CR40]\]. Some internal connections about them had been reported. The main pathological mechanism of type 2 diabetes was the decrease of insulin receptor sensitivity, that is, IR, resulting in relative lack of insulin \[[@CR41]\]. Chronic, low-level inflammation of adipose tissue macrophages in obesity was an important contributor to IR \[[@CR42]\]. During IR, the circulatory function of free fatty acids was impaired, resulting in an increase in triglyceride and LDL_C, a decrease in HDL_C, and lipid accumulation in liver and muscle tissue \[[@CR43]\]. And insulin has a direct vasodilating effect, and the average vasodilatory response was in the range 15--30% under the physiological dose, but this effect was weakened in patients with IR or diabetes \[[@CR44], [@CR45]\]. In summary, the metabolic level was closely related to insulin function, and the worse the metabolic level, the higher the risk of diabetes.

In this study, we found a phenomenon contrary to conventional wisdom. Schizophrenia patients with the MAO phenotype had milder negative symptoms compared to patients with the MHNW phenotype and the difference remained after controlling for confounding variables. Mezquida et al. reported a negative correlation between BMI and negative symptoms \[[@CR46]\], which was somewhat similar to the findings of this study. Virawudh et al. reported that IR was strongly positively associated with negative symptoms after controlling for BMI \[[@CR47]\]. IR is the central link of MS and is essentially a "synonym" of abnormal metabolism. In our study, when metabolic abnormalities and obesity were combined, the negative symptoms were alleviated.

Schizophrenia patients with the MAO phenotype had mild negative symptoms, and this indicated that the worse the metabolism, the milder the negative symptoms. The underlying pathophysiologic mechanisms were not clear. Regarding this, we propose three possible hypotheses. First, we guessed it may be related to the use of antipsychotics. Antipsychotics can relieve negative symptoms, and also can lead to metabolic side effects \[[@CR48]\]. In our MAO sample, the metabolic status of patients was worse, but the negative symptoms were milder. We believe that these patients with worse metabolism may respond better to antipsychotics, and have better therapeutic effects, resulting in milder negative symptoms. In addition, the types of antipsychotics also have a great impact on negative symptoms and metabolism. For example, olanzapine is more likely to lead to metabolic side effects than aripiprazole, and is more effective in treating negative symptoms \[[@CR48]\]. So, prescriptions for antipsychotics may have a potential impact on the results. Psychiatrists may prefer antipsychotics that are effective against psychiatric symptoms, even if they have metabolic side effects \[[@CR49]\]. Second, S.F. Chen et al. reported that after controlling for drug use, negative symptoms were negatively correlated with triglyceride levels and positively correlated with HDL-C levels \[[@CR50]\]. The authors suggested that negative symptoms may be related to a peculiar lipid pathological mechanism \[[@CR50]\]. Third, we think that the reward system may be involved. In patients with schizophrenia, the reward system is damaged due to the dysfunction in dopamine transmission \[[@CR51]\]. Patients with more serious negative symptoms had lower reward responses and reward adaptation, which led to a decrease in the ability and accuracy to obtain rewards \[[@CR52]\]. Obesity has been associated with the food reward \[[@CR53]\]. Some studies have found that a stronger reward response was associated with a higher BMI \[[@CR54]\]. Therefore, there might be a reward mechanism. In MAO patients with lower negative symptoms, their reward responsiveness may be less impaired, with relatively more eating rewards remaining, which led to obesity.

There may be some unknown physiological mechanisms in regard to the presence of mild negative symptoms in MAO patients. It is necessary to continue exploring the internal relationships between metabolic status and negative symptoms in patients with schizophrenia. It is expected that new methods that can alleviate negative symptoms without worsening metabolism will be found.

There were few shortcomings in this research. First, this was a cross-sectional study, which prevents conclusions of causality. Further cohort studies are needed to determine the internal relationships between abnormal metabolic obesity and negative symptoms. Second, the sample size was relatively small, and our results need to be replicated and expanded in a larger population. However, to avoid sample selection bias, our study was conducted at three different locations. Third, our schizophrenia sample included only inpatients, control group was a non-hospitalized population, and the different lifestyles of the two groups may have biased the results of study. Fourth, all the patients were chronic schizophrenia patients, with a long duration of illness. The drug previously taken by patients extended too far into the past to be verified. The antipsychotic drugs and doses noted in this study refer only to currently administered drugs.

Conclusion {#Sec14}
==========

In this study, we reported, for the first time, the prevalence of the MAO phenotype in patients with schizophrenia and compared it with the prevalence in the general population. We also found that the mental symptoms of the MAO phenotype in patients with schizophrenia were not more serious but were actually less severe, and this was observed mainly with the negative symptoms. We speculate that there may be some related pathophysiological mechanisms between metabolic abnormalities and negative symptoms. Further cohort studies and basic research are needed to explore these mechanisms. We hope to find a way to alleviate the negative symptoms without worsening metabolism.
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